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Table S1. Magnesium content in MgO-biochar and leaching during glucose isomerization to fructose. 
 
Catalyst 
Mg content  
(mg/g catalyst) 
pH Mg leaching in solution (mg/g catalyst)  MgO crystal 
sizec (nm) Beforea Afterb 1st reaction  2nd reaction  3rd reaction  
EG-MgO-BC-600-N2 74.3 9.2 8.2 26.6 (35.8%) 5.7 (11.9%) 4.0 (9.4%) 27.7 
EtOH-MgO-BC-600-N2 89.9 9.6 8.0 25.5 (28.3%) 5.2 (8.0%) 6.1 (10.4%) 21.1 
MgO-BC-600-N2 92.3 9.9 7.8 6.7 (7.3%) 5.6 (6.5%) 8.1 (10.1%) 26.0 
MgO-BC-750-N2 104.4 9.2 7.4 15.0 (14.3%) 8.6 (9.7%) 7.1 (8.8%) 24.0 
MgO-BC-750-CO2 96.5 9.5 7.2 8.1 (8.4%) 4.6 (5.2%) 6.3 (7.5%) 31.3 
MgO-BC-750-N2 (filtered) 94.4 9.3 7.5 12.6 (13.4%) 7.4 (9.1%) 2.7 (3.6%) 25.5 
Pre-synthesis BCd 7.3 8.3 7.3 n/a n/a n/a n/a 
p-EG-MgO-BC-600-N2 54.0 8.9 7.8 27.7 (51.2%) 5.9 (22.4%) n/a 31.3 
p-EtOH-MgO-BC-600-N2 52.8 9.0 7.4 18.2 (34.4%) 11.5 (33.1%) n/a 29.3 
p-EtOH-MgO-BC-600-CO2 52.1 8.8 8.5 19.9 (38.1%) 6.2 (19.2%) n/a 30.7 
p-H2O-MgO-BC-600- CO2 53.2 8.8 7.5 19.7 (37.0%) 4.7 (13.9%) n/a 28.1 
Commercial MgO powdere 559.2 10.4 9.1 72.2 (12.9%) 53.6 (11.0%) 64.2 (14.8%) n/a 
The values in the brackets were calculated on the basis of the Mg content in the corresponding MgO-biochar prior to each reaction. Due 
to degradation of biomass into gaseous compounds during pyrolysis, the Mg contents in one-step synthesis catalysts were much higher 
than those in two-step synthesis. 
a pH of solution before 1st reaction run 
b pH of solution after 1st reaction run 
c calculated based on Scherrer equation using XRD data where 2θ = 42.9° 
d glucose conversion and fructose yield were less than 0.5% and 0.1%, respectively 
e Glucose conversion (fructose selectivity) using commercial MgO powder (Sigma-Aldrich) in three consecutive runs: 49.1% (65.6%); 




Table S2. Summary of band information a 
Band assignment Band peak position (cm-1) Description Bond type 
R1 1086 Curve-fitting residues n/a 
R2 1165 Curve-fitting residues n/a 
S 1256 Caromatic-Calkyl cross-links sp3 rich 
D 1335 Condensed aromatic systems with no less than six rings sp2 
Ar1; Ar2 1380-1540 Two to five fused benzene rings sp2, sp3 
G- 1590 Aromatic ring quadrant breathing; alkene C=C sp2 
G+ 1600 Blue-shift of G band indicating single-double carbon 
bonds 
sp2 
R3 1685 Curve-fitting residues n/a 
R4 1915 Curve-fitting residues n/a 
L 2080 Linear carbon chains sp2, sp3 





Table S3. Summary of deconvolution of Raman spectra of MgO-biochars after reaction. 
 
a Intensity ratio of D band to G- and G+ bands 
 b Intensity ratio of D band to aromatic bands 
 c Intensity ratio of S band to G- and G+ bands 




  Percentages of Band Intensity to Total Intensity (%) Total 
Intensityd 
(x 106) 






ID/IGa ID/IArb IS/IGc 
1 EG-MgO-BC-600-N2 19.3 17.8 25.4 27.4 2.5 0.6 0.7 0.7 4.5 
2 EtOH-MgO-BC-600-N2 19.2 18.5 25.1 26.7 3.1 0.6 0.7 0.6 2.1 
3 MgO-BC-600-N2 12.6 22.6 27.5 26.9 0.9 0.8 0.8 0.5 6.6 
4 MgO-BC-750-N2 18.0 26.8 22.4 20.3 4.1 1.1 1.2 0.7 2.0 
5 MgO-BC-750-CO2 22.1 19.7 23.1 23.9 8.3 0.6 0.9 0.9 1.2 
6 MgO-BC-750-N2 (filtered) 19.5 26.1 21.6 20.0 4.1 1.1 1.2 0.8 3.6 
7 Pre-synthesis BC 20.8 19.0 23.1 28.5 2.1 0.6 0.8 0.7 8.2 
8 p-EG-MgO-BC-600-N2 11.9 22.9 22.3 26.5 4.7 0.7 1.0 0.5 1.4 
9 p-EtOH-MgO-BC-600-N2 10.2 24.9 24.7 23.6 8.0 0.8 1.0 0.4 7.9 
10 p-EtOH-MgO-BC-600-CO2 12.5 23.0 24.9 27.5 1.2 0.8 0.9 0.5 4.9 


















































Figure S2. Fingerprint region of FTIR spectra of (a) one step synthesis MgO-biochars, and 























































































































Figure S7. Correlations between (a) Mg content in biochar and fructose yield, and (b) Mg leaching in solution and fructose yield. 
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